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Pref ac c 

This thesis if t h e  resu3.t of may t e s t s  conducted 

or: f o u r  Stevens S impl i f ied  Vcnturi  Zeters  nf t h c  !!?arm- 

l i c s  Laboratory of Cragon S t s t e  College, Two of t h e  

meters )!ere fuxnl.shed by Leupold-Vopel and Corcpany of 

I ~ r t l a n c ,  Orecon anc t o  w!:om t n c  a u t h o r  is thus irdebted. 

2 r .  J ,  C. Stevcns, the ce3igncr of these  meters, made 

co- ragd  the \;or.k i n  n a y  whys. 

Tile two s m d . 1  r.-,etsrs i r e r e  ok;;:ed by tnc Oregon S ta te  

and t.lr. i.'. J1. Price. 

The z c t k o r  wishes to t h m k  Dr. C. A.  t:ock!ore, f o r  

~ivir i , :  50 z.~cI? ~ 1 "  !;i:l time in he!.;~ine to ;irranEe t!lc+q 

t e s t s  and in i i scuss ing  t h e  vni.ioi!s problerns ~r.jsenlccl. 

/icknowluzgernent sho~ . ld  a lso Le  niece to t h e  mcizbers 

 in^ t h o  t e s t s  and al.so to all o t>e r  oersons w k o  oontrib- 

-1: ed in m y  way. 
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The ar t  of ri~eirsuring l e r ~ e  cjuwit i t ies  of t i n te r  wno 

~ r e a t 1 : l  sirr,pLificd whet,, i n  lQW, t h e  l ~ t e  Clerncns 

l i c r s c h ~ l ,  f-'i. lm.. Soc. :.;'., publishco t h e  r u s u l t s  of 

t . ~ - c t s  on o new t , j y  of F L ~ C I '  nctcr, 1.fiich hs hsu ir,ver.t- 

er! :;nr: nanei t.t-,, V c n t u r i  m t s t e r .  ($,Y) An i n t e r e s t i n e  

: , , iuc l igh t  i s  t o  note  how t l , j u  meter cwt-  to bc: r.mc!d 

i : t ' ter  t h e  1 ~ ~ o t : s  I: rtliirn sci!:ntiot, Ve:li.uri . (11) 
Iti';r. :iersc3el c.,purirne;il;$d . . . . w i t h  k h k t  he 

?.a:rr~~ t . h ~  Vcnturi water-meter. ?<is ~;JcL c a r ?  i ~ ~ o u t  

\.:; accioent,. 1.lent~ri x i i s  ar, I:.~l:an txperimenter, who 

! ivec i n  Faris c:uri:.;- thr: :-'re:,ch i!cvoiution, nnc pub- 

I r: ! c d  cn ~ c c o - i n t  9;' k ls c .-c- rirnents on zhpandinp, 

.. . 
; , J u t q y s ,  LC I'aris, i;) 1747. :;t$ :,,ic, citstrveci t h b t  dur- 

i: l l  th i s c!cttlc;r: of tisc?,c~.t.~, s1:ctl on x t : ;  urod.ace.d at 

- .  
t5t. tkroat, of t!:c: a fu!,;.~d, a:.c 31-0~0s~~. t 3  USC- ouctlon 

t,c i pun;: t o  l i f t  w a t v r .  In cos;~.sc c\f  ti:.:^ it bcciune 

:YC;I known t.i7;it f , l~c st: c.x:;r-,r~cln;; a,i.;"ur..7es Incr,:ased t h e  

c i i s c h o r ~ c  o* t~::n:isc obt2Lnc:~ wic: tkrt::? wersc usco f o r  

var-iocs :?crnosctr;, bS f o r  j.r:c r c a s i r , ~  t lit. cf:'lciency of 

+:,.craulic tu,-b.'i:!es. 

Wr . l iorsc!l~l '  s lnvarit ion cocaisted In ~ r o o u c i n g  

such  bn e x p n a i n y  &jutage as ?art of L c o n s t r i c t i o n  



2. 

in ;r ?Fpe, ane i n  in , a~ in i r :g  t h a t  anc. then darnonstrat- 

inc by ex?criine;:t 5ot.r t l ~ c  suc t ion  ct t ! ~ e  throrr t  was 

il furac t ion  of tFlc ve loc i ty  ttirough t h c  t h r o a t .  \hen 

~ a r i r y -  cxperir,tjrttsd i t  t f c c m e  necessary to speak 

of t h e  h ~ a c  ~t tk,~ ti',ront, i t  Lec;urte z t a i e r  to Fro- 

i1o1u:ci: &:I(: ;:,ore euwho~iious, tc, s t ~ & -  of it mci shout 

it ils t h c  1kciia on tht: Vcnt.uri, 1 I-ather t!:ar. Itlead 

:.t tt~,: t:b.roat, 1 &rid thus CCJ,LL' i:ito he in^ t h e  nme 

'Vt r , tu r i  I.;~:ter. ' 

'' ICce 01' t h t  few, l,hc i : ; ~ ~ o r t i i l  nmcs 

'il:tt 'r:r;'rz5 no t  born t o  ~ i e  .' " 
The 11iatt:r ws ~ ' ~ t t .  c c c f i n i t c  in~rovencnt over 

:.ny ?rcv107::: )_:~;r'; cf ~ i ~ e ~ ~ t ~ ~ i f i ; '  c,ev.ice t h a t  nurlterous 

i n s t  s l l  ctio:ls wr:r.: ~ C C '  d u r j  np t h e  next f e w  years. 

:t .H&S u5t;C: no t  only f'or :r:etcring ; l a t~<r  h u t  l'or steam, 

J ~ S ,  :7ot vjater, (I) oil ar.C co:npressec air as well. 

i! l  1530 is wa:, t'sti~.!ht,e~ there  were a?prr,>Lm~tcly 

$ c i , ~ [ ; ~  Ver.tl~ri n:eters i n  'JW U:rouchoct ?he w r l d .  (13) 

tjirlcc t he  or- ig ina l  t e a t s ,  i n  lt3E?, by !..re I?erschel, 

01' t l l i z ,  t y ? e  r ce tq ;  ( 6 )  * ~ h i l c :  otL;ers i n v e 3 t i ~ ~ t e c . l  t h e  

cesien anc: i:lstd.liction chzrec teri: t. i c s  , l!otable 

~ 0 : : ;  t h e  l a t t e r ,  were the t,ctltu rnuuc t o  determine thi 

efl'ect of i n s t t l l i r ? ~  a nrcter near  2 bcnci, ump, or  



motion i.n t h e  h a t e r .  (7,21) Most of t h o  tests showed 

tkzt errcn~ous coefficients are  caugec by such instal- 

lations hnd therefore ,  proper ?recautions shol~lr: be 

takcn vr:,en i n ; , t a l i i n ~  n r:!etel. near any object which 

aizt..t caSr:;e m c ! ~  motions in t h e  water. 

It $,as o r i ~ i n a l l y  thought t h a t  f o r  t h o  :neter. t o  

bts ~ c c a r a t e ,  i t  shoillcl bu n;dc \.it!, dc f in i t c  and invnr -  

iciblc l i .ncs; tha t  tht. anpls2 of co:,vcrgence s!iol~lc be 

10-1/2 aegrees t h a t  of' aivcrgence 2-i/2 uegrees. ?%is, 

!-,owever, has been prover to be i ' i; lsc bj- a.my of the l a te r  tests. (1,16) 

The lsst  few years have seer1 c?.:;:ii.ges not 0id.y in 

t h ~  =.f:les of cofivei.@nce and d i v e r ~ ~ f l c e  of t k t  t h roa t ,  

t a t  ir* thc genersl  ~1;apt  of tku t h r o z t  section as well. 

i'. x * ~ t t * r  kit), c o ~ t r z c t i o n  in tb.c vertical ::la:la only, 

!!;c teen perf'cctca f . ~ r *  , lsc i n  i : i ~ t L * r i : ~ <  > : ~ t u r .  vihich i s  

c~ rq - ) . i : l g  ;i 1~rf;tc:odirr.et:t load; t ? i t :  c3ancc- of seoinzen- 

:;tion ir, t f l t  ~rlctcr is t h u s  clinli: '.tsc. (17) 

Lktely tkt: Cemans t.:.vc develoseo t h e  n.otar shown 

i i 2. Ti,ay c la im t i ~ n t  t h u r . c  .is 1esb lost head i n  

this F";;~PL t h r o ~ i t .  (4) It  it: i r l t e r~s t i : i g  t o  note t h a t  

Mr. t i e r ~ c \ : ~ t l ,  i n  18EE, rt.co!nr~cndec usizg a s i r i la r l r  

s!:s?ec meter (r"ii;. 3 j but. tipoar.-ntly riuvar c o n s t l u c t ~ d  

one. (10) 



Fig. 3-Trwpet Shopsd MnWi Meter Suggested by b n e b l  
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To date,  little ef l 'or t  ha:; Seen rnnde t o  produce 

a Vcnturi mcter of rooa accuracy cnd a t  t h e  s a c  t ine 

of low cos t ,  which could be used i r ~  t h e  f i e l d s  where 

a n  extrerntly accuratc Venturi mcter i s  no t  necessary.  

? r e - c ~ s t  concrcte rr.eters have teen aesi~ncci  and ca l i -  

b r h t e ~  at  !.he University of C c l i f o r n i a  'mu a r e  used 

q u i t e  o . tcn; ively  in t h e i r  i r r i e e t i o n  p r o j e c t s ,  (5)  

Tke n e t e r  c o n s i s t s  of two prc-crst concrete  r educe r s  

w i t h  t h c  i n s i d e s  s p c c i d l y  r;+r,!x?d. This t y p e  is 

i i a i t e c  t o  coris truct ion f ron; concrct.~ only, as i t  i s  

possiLlt: t o  shc.?~ t5~: Lns ide  oS the concrete pipe : ~ ~ i t l ? -  

c i t  n lnrge cldcitior,;l exyeme, but. it i i s  no t  poss ib l e  

!,o do so  wit!) st,fii:l o r  c ~ . e t  iror.. It wtrs wit!: t h e  

o k j ~ c t k v c  of dcvelopi~;;; a chcnp get xccure te  cast  i r o n  

;sc s tee1 Vebtzri  ~ c e t e r ,  tha t  Lir. 2. C. Stevcns, 

$:. i ~ .  Soc . C .". , s::f=~r:stec exnerimcnting ~ . i t , h  a m t c r  

usir..? stnndarci pipe rcd1.1cers f o r  thc converging m c  

Two 12"x8" ~ c t e r s  of t h i s  typc were d e s i ~ n u d  

~ i n d  b u i l t  !qr D r .  Stevens, one of cest iron anc one of 

welaec  s tee1 cons t ruc t ion ,  ilnG L~borztor?; t e s t s  were 

made a t  thy h : i ~ ~ * a ~ l i ~ ~  l a b o r a t o r y  a t  Oregon State 

College. Later t.t;o rnore meters, orle a I&" x 3'' w d  
--. . 

t h ~  o t h e r  an 8'3 j: 511 hstt:  of welded s t e e l  C O ~ S ~ ~ W C -  

tion, were tzztcc. - 



6 .  

i1.t t h i  SLL'II~  t ime,  D r .  Stcvt:ns was in to res ted  in 

see in^ if it r,igt;t bc possible t o  irlstid.1 a standard 

gstc v d v c  in the throat section oi' n neter  without 

mkter i z l ly  ~ f f e c t i n ~  its hjrcraciic c h a r a c t e r i s t j . ~ ~ .  

Tests to d e t e d n r  this wcrc concuctea on t h e  same 

nu te r : .  Thc data lrcm tliaue tests have been used to 

subst antiatc the following tiiucuusion. 





Thc V c n t r ~ r i  motcr i s  r i r ~  excullent ,  though simple, 

i ippl icat ion of Bernou l l i ' s  thcorcm; the rc fo re ,  my 

fomula c i t r iv tx ;  f o r  a Venturi meter hh3 t h i s  t,hcorem 

as i t s  b ~ s i s .  ';tio~~g:: t h c  s e v u r ~ l  f c ~ m l a s  t11ct have 

been c e r i v e ~  f o r  t h e  :lo.+. of wntcr through a Venturi 

meter d i f re r  consicieratly i n  their f i n a l  form, (16) 

i n  real.ity t.hcy cifrer or21 in t h e  nunner' i n  which 

t h e  enerLy losses ilrt: entered I n  tkic Rernoul l i  equat ion ,  

.,tar::;nrd Fquatl.on 

':'he s tnncsro  llnc probsblg the n o s t  v;iusl;* used 

ec;~;c:t i o n  is t!:c one i n  which  t h c  :neter if corisidered 

2s !~i+t-ir.~ no friction lcrsses z n t i l  a f t e r  the Bernoulli  

equction h ~ s  i,e~:n solvcc~,  et which  t k e :  ti co!istant i~ 

i:.t:*~cucea t o  t.&e c a r e  of any i:nL bll losses .  Zefer- 

rirl~r, t o  Fig. f+ the stmcard forrnlilti can be ceriveci as 

f ollo1::s : 

.;-.;d.ju.dng t.kat t h e r e  is no f r i c t i o n  lc:;s, then 

by the  c q u e t i o n  of' co:~t inui ty  



Fig 4- Venturi Meter 

F I ~ .  5-- Annular Pressure Ring 



from equation ( 2 )  

Qt = V2 82 



but <, = CV2k2 

CAl h2 
t h e r e f o r e  = J 

2 !7.h 

1 t n i s  equktion is derived on thu f d s c  assumption 

thcit t he re  i s  no l o s t  teaci, it ooes g ive  t rde  resu l t s  i f  

t h e  ?roper d i s c t v r g c  'coefficient, C, is t o  be hade 

Su5r.e r ~ e c  1:ozzle T:c;uation 

Another fonnula wit,!, a co re  t h s o r e t i c a l l g  correct 

d e r i v a t i o n  can k c  i:eriveu ty considsririg t h e  neter as a 

subaergad nozzle.  I n  which cesc  tht: c o e f f i c i e n t  of con- 

tr3ctj.o:: is 1.00 an:. t he  lost hecd CCTC-CS t h e  cowerg -  

i::~ s e c t i o n  cf t b r  setor (subxerged r.ozzle) is 

::ow nett in^ LO Eerr ioul l i ' s  : rp&t iun ,  it rrould reed: 



but noki & a 1'2 
_ . _ - - . -  -4- . 

iL closr: sxig-i:.stiofi of e c p a t i ~ r . ~  ( 9 )  2nd (5) rcvcals 

t5.t. they both art: of' ttc I'OTK ;: r Kh2 Zgh which is the 

ccnc:.;:;t t k c t  ::errchel uaod i n  his c r i ~ i n a l  tests, (s) 

It is yviaqnt  th-r., t h ~ t  thc  t~;o c o t i ~ t ~ t s  C XI(: CV have ii 





Iff Lzboratory Zquipment 



iI~ Laboratory ]<quipment 13. 

.... te,~ ,.,:,.,'re conCuc~c, in th~ "" -~ ~ ~ Labor- 

atoz-y at 0rcgon St;,te College durir~g "t h: '  Spring an¢~ Fa!l 

of 19~,1. %hc equipment layout was as sho~.~ diagrammati- 

c,~=ly in Fig. 6. 

r~ ~mDS 

Th- two Pe!ton centrifugal pumps ~ru each capable 
% 

of ce!ivering approximately 1250 g.p.m, under a 75 ) 

- ' " t h , ~  coulc h~udo The "~Ding ~:~=~: ~o ,~rranilcd tn~t pumps 

bc connucted ~ith,~r in s~ries or parallel. Un6c:" test- 

~cr.~.rLc of abol:t 31~00 £.o.m. 
~ n , '  co:L6itions a ::a:.~imum di- ' . . . .  , 
- -  %. 

was , b t a i r ~ : d .  

V~rtic al Tank 

~,,~ vcrtmc::~ tank could b~. used as a :~r~,~sur~ tank 

~ zllo~-~n it to fill anu then clozing the air valves. 

q]~is we!: done during thu te~ts with th~ partially closed 

throat vai.v~. Luring all other tarts, the air valves 

remained open anu" the' tank used only partially full, 

with t!:e rusult that ~.r~nor fluctuations caus~c by the 

?'maps :;er~ ~.tsorb..'c in thv tank. 

Weighing Scales 

T.%= two sets of scales w~:rc ;,,anu!:=ctur=c by the 

To!coo Scale ..... ~omp~.ny, each hac a total capacity of 12,000 





po1:nds. I?e:, hsd bccn entirely rcconuit ioncd nn i  c z l i -  

Li-atec j u s t  r i o r  t o  these  t es t s .  

En t ranc c :%pe 

The s e c t i o n  of p i ~ e ,  shown bet;tccn t h e  ncter anc t h e  

v e r t i c n l  t ank ,  Fit:. 6, was !,laced there t o  remove any 

spiral o r  vo r t ex  rnotior~s bcforu t h e  wnt.er entered t h e  

~ s t c r ,  ,', 101 l e r i ~ t h  of entrant+: ? ipe  uzs useu curing all 

rllns on t h t  12" x 8It rzcters ( runs  i t o  5 i : ~ c l ~ l s i v e ) .  il'dlls 

6 s n u  7 on t h c  ?" x 5:' neter uscc a i+' ectrance pire; 

hZli lv  '::lcs %A t o  82 i n c l ~ ~ z i v c  usea t 3' entrance ~ ~ i p e ,  

%ins ?L: t o  9 C  on t h e  4" x 3" mter a l s o  usec a 3 '  entrance 

nige.  

Iu~ in : ;  th'j t e s t s  on t h e  12" x E M  rzeters, a srf t  of 

vanes ~ I : S  ! J ~ C L C ~ C .  i r :  tkc er!traance ui?c: t o  fu r the r  i11:;ure 

a smootkL f10r.i. If'nu t c s t s  or. t h e  8" x 5" ar,!! 4" x 311 mcterv 

d i d  not i r :c l~lue such vanes iis t!~eses !ircters ha6 been i n s t d l c d  . 

prcvio:tziy to their t c s t s  anc. it r:cs aesirec t o  rate then 

rlncer skr.ilbr. conait ior is  . 
?kc valve shorn 011 ih*; L I sc~~~I*c ;~ - '  U ~ O  of' t h ~  t;.chr 

W ~ S  USC'C to keep a pos i t ivc  .I?-essure i n  t i l t .  t h r o ~ t  of t h e  

meter a t  :ill t i r e s .  

' Jen tu r i  peters 

A Venturi meter i s  ;lways composeci 01' t w o  separete 

par ts .  Tine p i x  l i ~ . ~  portion b c i n ~ :  one, anc. t t ~ c  a d c e  









19. 

e f f i c i e n t  d a 9 g u r  was devised ty !>lacing three inches  of 

clbss c x . ~ i l l a r ~ .  tubir le  i n s i d e  t h e  l / f + l l  rubber  tub in&;  a by- 

?as:; bcinp, :,rovj.dea to allow f o r  the rapid changes in t he  

hcclri ocr::~ri;:~ -,Pica the a i s c h a r p  r c t o  through t he rr,etur 

G ; ~ S  chinl;c!u. (F ig .  7) 







IV 7:xperirncrr tal Procedure 

m *cs ts 

Pic. t e s t s  w ~ r e  conducted cn four meters. T?ro of 

then, t h c  12" x i?It s t ec l  enc 12" x 8:' c a s t  i r o n  being 

r.ew l,:?-,tn testt-c:; y r l n i l r :  t 5 c  otthel. two, the 8" x 5" s t e e l  

anc. .!+If 3" s tec l ,  kea t een  ir! use f o r  ~ p r o x i m a t c i y  focr  

months. Yhc I.atter t ~ o  rtctt?rs were foxrid t o  he so Gndly 

corrodec t h ~ t  it X E S  dedacc! cldviseble t o  thorou,c!lly c l ~ b ~ l  

thcm before t e s t i r l g .  'They were theret'cre tastcd ir, a 

?ractic;r:L:: RCI; c o r , d i t i o n .  'i7nc ir ,oividuiil  test runs t:ere 

Run 1. 1211 x 511 cast iron rnctcr (as a stm.aard rcetcr) 

'tun 2. 12" x 8" w c l d s d  stscl meter  ( a s  a stancard 
meter) 

:!un ji.. 12" x F" wclced steel meter ,  x i t h  a 1 ft, 
section of 8'' pipe inserted i n  t h e  t h r o t i t ,  

:In,? jE,  hame as 3un 3:. p lus  an R f f  gate valve. lJ:Ave 
cowns:rum anc f u l l y  open. 

?.un 3:. Stme &s ?.un 3D r:r.ccp?. valve 3/1& open. 

Run 3:;. Srmc :.s 2un 39 except v G v e  1 / ~  open. 

')un ,!+,.. 12l1 x 8" :.relded steel w i t h  a 2' srction of 
8" pipe i:~sertcd in t . 5 ~  th ros t .  

I;. . 1 Z~7.c h s  :?:.in Ut plus ~ J I  C" ~ a t c  vriivt:. Valve 
f u l l y  opc:1. 

?.ur. 42, L;wie as 3 u n  125 excegt vr?vc 3 / ~  open. 

Eun LC. :<:~nc as Run 45 cxce?t V L ~ V C  1/2 open. 



-1 . un 5;;. 12" x Cll &ltiou st.t:cl k i t ! \  3 3' sectlorl of 
811 nipt: ir.scrt.cd in the t,l:x.out. 

Run 53, !;;me [is !tun 51, plus an 8" ~ i ~ t ' . :  V ~ V C .  ViLve 
f u l l y  open. 

Rur, 5!:. :.me i-.s Run 52 except 1/i:Ivt. I./!, opcn. 

. 7 a 5" welccc- z t e c 1  ::~ctzr >;it,!, t LL. I 
entr;,nct: ~i::e. ;, 2' luri[:th ol' 5" ;)i?e ;1:1u 
r: 511 ~ ~ ~ t c - .  v;llvr i r .  t.!;ront.. Valv=. 1'u71y open. 

- / 
zun BG,  ,;L.zL 6 2  .!In 8~ except  V ~ V C  i / i +  ollerr. 

3.2" :.. 81' t ee te r  tc:,ts wzru r?zn ; B I L X ' ~ : ~ ~ -  f o r  t l - ~ c i r  

VY .. . I d - - ,  , .;,,ier,t?l. v;Ziid2, $19 t i ~ a t  i n  sc7 t ir.g, the ~,:eters  ~ { j  an 

- 
tor:: VO'JIL :,eri:it. I n  t i x sc  l.i!ytr;, i: st rai;;:;?. 10 f; . 1.c.n::t'rt 



23. 

of 12 .i:1. ::;;!.r; ;>lrccc: bottleen t h e  n:etcrS an(., t1:e vell t ic-  

c l  tank ;,Kc, tc I ' u r . t I~~ : l*  j1.1~1irc a~i.iinst, tiny s p i r a l  motion of 

t1ii. i ~ : ~ t ~ = .  i . ~  j t I ) ~ S . ; ; ; ~ ' C  thr011~I? thi: r i i ) t ~ . Z . ~ ,  B 6Ct of' ~ t r a i g h t -  

r~9j.q: VLI:~:;, 2 i't,. ill l e n ~ t h ,  krcrc; i,lcccci i n  %hc u ? s t r ~ ; ~  

cnr; c?!' t ! : t :  10 f t  , cl~t.r$nce z iae .  

:kc E M  j;. 5'' ccc. f+" x 3" rileter tests %!crc: Iun r o ~ d r : 1 ~  

t o  f i:-;c, the:. 1. c\.iz;,rr;c t c r i e t i c s  unuer co!.ic:itior~s aprrr-oxi- 

r;,at;i:lg t h o s e  o:' f i e l o  use.  T!.~el.c ti::s n o t  t,:::e to t e s t  t!?e 

Lv i; 311 I : : ~ ~ c T  in {in? o?,hc?r rtan:icr ti,an se:*v5ce co!:ciitions. 

.- 
(:?u:.l~ S>,, :', and 2 . )  The gll :c 5" ~ . e t c r  was tcritec, f i r s t  

oi' 22.1, :Incler s c r v f c c  conc i t ions  which uriforturltitely were 

not t oo  i.nc?, i ~ s  t 5 v  3 ft.  ~.ntr.mcc: n ipc  hhich \.;its i l ~ e d  

:.a5 r:.nl;c i:y t t c ~ ] . c ' j . r a ~  ;t ?;cut: of E i:~. C .G. ,-.ipc 5nsic.e of 

t ;:iccc of :: ;I;. I .I:. p i p e .  I l l i s  Tausec a sdaceri e r , l a ~ ' ~ e -  

!!.~'r,t O : I ~ \ :  I:, 51, of i! !'t. f rori. :,hc er,i,rbncr: pressur3 ::in,s, 

L~\~C-, a,3y ., v , . a r  -.... t . l j . f o r ; . n e c : ~ s v : i r l i n t t i e : v . a t e r .  i 4 , : ; a s f c ~ ~  

t ~ t  : . h~ '  t i r : - a  t ,>~t ,  t kesc  shirls so nebr t!le nressure r i n &  

N t ; r e  c;:cs~:I~, eI-rOnF;OuS reaciS.ngs. Therefore, &:tar corn- 

: ~ l t : t i n c  tt;; :,er-vicr. co:lciillc~r: tcsts,  (T?.uns SA, i:, :.) a 

1;. ft. Icn;t!-l cr' f2 in. yipe :.;its suk,s i ir ,utsc  for  t h e  orig- 

f.:!&l t:~:trer.qe ?:no. ( ~ u n  7) I,E?.c~\ thl:  VH].VC tin(; 2 f t .  

1 .&.<? + p  o.. :' ;". I , . , ,... ~ i p ?  xere rmcsvcd frorn th:: 1.hront of the 

, . 
;;ieter &:I(: tali(. :; ctt.r cot~l>ic.d ~s cirl o rc inn  ry  Ve:ituri (i',.~rl o), 





TSc 1 ?;crnulic charcxtcri  st . ico of s Vcnturi  meter Elre 

b e s t  c;ct erninoc. t,y o\)l;a: n2.r,g valucs o!' thc: m t e r  coefl ' icicnt 

:~r ,c r  o ;  i,l.t, l c s t  head f o r  v;rlcus m t e s  oi' uischrtrgc. 3y 

solvi;.!. r,iti.t"r L q u ~ t i c i n  3 o r  5 ,  f o r  i t s  c o e f f i c i e n t ,  it 

 ill :;t;t 2 tfxtt t ~ y  obtaini.rq. t h t  v s l u e s  01' C &nd h i n  the 

la?.or;.:t,oyj., t.hbI. cotfllir:it::jt car1 111: cun!wtcd. The valllcs 

01. -,:t?yL ~ ( , i ? g + l i ~ ; -  f:-o!n r,l c d;,t.;, oktairled by t . i r r i i r : ~  w i t h  

:. sto;, t':lc ~c rsjcc!  ::,.,ce:;skl*y for. a ce1.teir1 k.e.i.g!;t, 

~ : ~ i ~ t c r  I c :;.ow ir,to ti:L. tictll: t,iirli:t) . It ; JOU~C:  h a ~ t :  been 

!,cssible t o  a i l t . e r~ in ; :  the rate oi' ui sciisrge by lscarls of ;? 

~:i.ir; ~CV:~. :~JL 'T ,  t h t  WCI:r<rCy 05 h weir is lcss than ti?at 

ci' ::ci,-115.n; tsnis; thc:rtfcre,  t h e  rscrc accurr:te rfiethoc 

I \- :; t;ikir: ; r;ur;,i,vr 0 f ::iezoceter. rei;ciir;t..3 S 1 1 ~ 1 1  ~ " E o x s ~ ~  

 ti.)^ b;ei  hi^,!. .. p c r i ~ . c  , 'r]lt; r end in i ;  k. l-r, tn1:en LC, t hc  

Lotto;:: of tilt-. : . ( :~~scu,s  t o  tht: noii1'7st C.OO5 0' ci foot, 

care 7..;:ls i,:ikc,ri to r.ek'i ctit.r.;:rict! and t h r o a t  piezo- 

;r:cters ;I. t f iY sale ~ ~ ~ s t . : m t  to i n s u r e  ; true 6ir'i 'crer:tihl 

I:e:is. I);<. " 
" v c i u n r , t i t  7 w n s  corn:)ct~d i?g::eaistely irftsr 

e j ~ l - .  r u n ,  2 : : ~  Lh;: pcxu:t ;?lott,ed a ~ a i n & ' t  q .  ?ri t h i s  \.'t$, 

cny at:l'ir,it,,:ly Sl-r-ofiootAs r;i;dir,es ;.;ere discovered z~nc: re- 

" .. ci!cc!.;ec, i l l p  r.et(.!inf.s fo~lncl ?.c be i n  er:.orS Grit: t , ~  f s u l t y  

t-3 o;,crctic:i r.:t.r.l: then str:,ck c ~ i t .  ;!?.is c%pltiinr; I-;$' the 
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r e a r i n / ;  nmLaro ar-c ~ o t  cor.tinuous in t h ~  cat& tables 01' 

t h e  ;i?gerldix B. 

].ligI; Ileaus, it ..+a:; 1lcccs:;ary t o  d;acon~.cct t h e  

e;cit nf ezon;..ter 2.11~ cor11-12~ t t!le tons of t h c  c n t r ~ n c e  aria 

t'r,ro:&I. r,;:.zo. .8-.ters tci;!:l,l)er. T h i  3 plecei  a con;.pressen 

It zos>it , le  t~ test ltys,er rates of dixc?!ari;e when a p&r- 

t i d 2 . y  C ~ G S ~ C .  thron', valve  was Dei:i[ .:!see;. I!OL;OV~.I., t h e  -- . 
r:!b'ccr tlrt,ir.,: csoti f o r  liTc $.czometcr ccnr.~:ctio:~s coula 

nc t t , k ~ t ~ ~ i t i  extl.~zcl.y 5ic.h - haacs ,  therefore, tt .e t e s t s  

. - 7  -..r;,t,f-. ?~rt.li;~,;; ~,].QSCG v ~ l v e s  were not m ~ d c  over  t h e  s e ~ v i c  

i'U. e 0;  c:i:;c?;b;.ces 2.2 f n ot3t.r t. est:,, Low rnti?s of d ie -  





i: i n  7j.c T i  r.it, 9;;s to show if it is possible to obtnir i  

t; ; ie?tdgri  :-.et~: rjc ;oorl Liccl:r~.C:l &:!TI )'.:t 01' 101: C O C ~ .  !;I; 

c ~ ; ~ k , i : l i r . ~  t ..re s:;,;lc;.rri ?ii:?o ruGilacrs. The 6uCOI:I .  i : i r S  t0 

c<;tcrd:1+: .it' it rnil:ht t* nos;lble to i~.~ti..ll :; V L ~ V ~ .  i.n 

f f+c t5rcat :~.-ctiorl 0:' c.. meter wit!- lout .'it.dXirif; i!Ltcriitll.y 

haryfxi  c:i.cc ts ?:?or-i '., t s c i ! ~ ~ h c  tarsi. 2 t,ico . 'file rtsults 

of ti;r:sf,. t~::t~ arc: ~ h m m  b:: t h e  c u r v t : ~  i n  ? i ~ ,  1 3  ai:d 

-, ,.*.a ~ ? l l ~ ~ C ~ € ? ,  . :; . r c i i r  -1:rvss i i ~ - ~ r ;  iic CD tiscti tor  t :  ,. 

- 0 : ;  hu: .~ ,  . c ,  " =id L' -1s. the r c t e  

::cter 2oef ; ic i t .nts  
-. 

I!, i s  sp:etincs c c 3 i r ~ b l ~  t ,3  kii~t: 2C l%Veri~F~: C C C ~ ' ~ ~ C -  

i c n t ,  c::ce-izLly chrr.; mec!l&nicd. rusor(i ir1~ c ~ r r i c r  is 

' 1 ,  csec , ;.rrit~:!.t:ti~~~ E";. cot,.-?'flcicr;t !-;A:; !:l.:refore 

Lbrin c ~ ~ . ~ , ~ ; t . c .  i'o1. -:.ch n .mc. th. *rt-sults n! ol.n i n  
r 7  . .aplt.  1:. ? 'h is  t:,tjle a l s o  shows t h e  ::.;1,--ir:!an p o s i t i v e  i ? f i c ~  







sue .  the cv~fl ' icl .erits v u y  bctwcen 0.772 mu O.SlE2 h i t h  

t11: 3 ' ~ t ~ t ' q ; t :  ~ k o t : t  C .$76. 3 i x i l ~ r  c x v e s  f'or t h c  S t u v t s n l ~  

r, ;ir:plii ' i . ; .u r i c t ~ r  &re  s h o v , ~ ~  i n  Fig. 13. . , o i i i a r in~  t h e  

t ,krct: r::::s which wsrc rnctae w i t h  t h e  netera i : i s t z l lod  as 

"ram this ;t s i o ~ l d  cppear t h a t  t h e  S i n . p i i f i c a  mcter is 

less ef'f'i",~;it (his L !-,i~ller los t .  kana) .  It is on ly  

m;,,. t: :.:.~m 1.2~ . C C ~ S  i ~ r :  rorigher (Yip. 14 L:IU 15) hr\c h v i :  

c e f i r i t t  L L ~ - U ? L ~  benc;. T?le i c v c r  e f f i c i ency ,  however, 

i,*;s !'ol;nd ~ f i 3 y  in t,he s teel  m.jters, d i . h  the cast i r o n  

zie?.:r nrovirlg t o  'itvc nc i a rce r  lo';? heac tktin tha t  c iven  

f o r  c o 3 p ~ - & k l c  stancard n ~ s t a r s .  ?fie YUI-fhce roughness 

:rnaa:tbtedl;. was  tkc; major f ~ c t o x .  in tf.is r : -spuct ,  ;s t he  

stsel : ; : o ~ , c ' ~ s  ;:zrc v i s i t , i y  muc:T: rougher than t h u  cas t  i r o n .  

TIlc r~ui; ,!~ness 0:' t.ttc: s t2el  mst.i.r was due part . id. ly t o  t h e  

\,t;:Cini: t:f-!ich .r;as t.vidcntf?* cione! i.:- the ~~~~~~~ic arc 

:recess, as sctll be:,ds 01' a chii~-~cter of t1:osc C Z S ~  off 

I . .. 2 Y,anc co:ltroiltxi a l t c t r o d e  -,%ere foaric ovz r  & corislct.r- 

a t l ~  ?or t ion  or' t h e  reducers.  





tk;:- r!r..tc:rs 1.1scd i n  t h t s t  tt:;ts rr:d t h c  str:iicar.c meters 

ccn t,e ~?- ' l . i i i : ic -~  by :i,yrin;; t h e  z rpa t ion  01' t h e  lost heaci 

cQi*ve ;'or. c:bcii c;< -~c . I " .  T11i.s rI'ly t-t' c ; ~ p r c c s ~ 6  ir! tht form , -,. 

~f f = V" ?,.;here "f l :  ' - i . ~  tht: lo:)?. ~ I C ~ C ,  I1V" is t,h.'; t k r o ~ t  
e 

velccity, LRL. "nI1 cnc. t r e  cor,starlts fo r  any meter. 

st;:z~~r'c Z.L '~LI 'S ,   wit!^ an :~ver;:,.;c v d u e  oi' f = fi .961 

LO3 
.,,.; - t !, il  r i r r i r t :  i r !  t!~;: "nI1 v~iluc frori~ 1.07 t o  2.11; anci i n  t h e  

s:1!~1ler. J'or t,'nc. very sn:all m t c r s ,  i:xt a t~ove  a 4 i n .  o r  

r, i n .  ricetcr t ! i c  vslur:. varit:s ir,ui:IcrirrLnntely. ?he I1nlt 

v::l:le !'oi.lo;.~ no r!ilt:s :;!!atscrevar, 7 % ~  t c s t s  0:' the 

: , i n ~ ~ ~ ~ ' ~ o d  !!,t.ters ),avy i c s t  !i=:-o c u r v e s  kcit!: "nl' ;t:L It-'! d 

'.".iic t h t :  I1ri1l v ~ l u c s  fo r  t n c  stan:.&rti n t t e r s  vary 

c o r i ~ l ~ c r . c ?  l y ,  thf ist  i n  t ! l i . s~  i s .  :-:s a t r i s ~ e l y ,  in every 

c r - : . ~  i,;:t m e ,  wcrc ;.L?iort exc.ctly the :itan value for t11e 

>81.~ncsrc t ~ y c  mttrs. C c n ~ a r i r ~ ~  v d u e s  o f  the t e s t s  

e;:cllnst t t i t  rivc.ra::e "at1 va lue  of LC?, t h e  c & s t  i r o n  n e t c r  

l,;i?t; c r l  "iiU 02' SbC, t h ~ . r e f , ' o r ~  ):;is slr.aj.lc.~. l o z t  th;in 

oc i r ,OSt :;td,,ri~:ir'lj ne tc r s ,  while thc tscg stct:l nvtr;rs b.:iti! 

V ~ L L I C S  of 252 act; 2i;C;. !li;vt: lost h e i ~ d s  ci' ~ ' c o u t  1.1, ti:r,es 

t.':;lt of t k t .  s t i ~ ? ~ h l ' d  meter. 



any V c r ~ t ~ l r i  meter :.:i aS:'~cted n o t  onLr by t h e  i n t e r n a l  

st.i-!JC t:.lr.:, k~t? .  CAI st? t:.y the riianner i n  which tohe dif 1'erer.tial 

ho:?ti is oi.t,;iriec;. /: d i s t i n c t i o n  shoi.:ls slwzys be zace ss 

t o  whctk~c;. I t  i s  :.hc w t c r  z;zcc-- - ,.cy o r  t3e head ii:easuri:~g 

devict: :,cc::r;:cy thl i t ,  i s  be in^ cett..rr;li:~ed. I n  t!:e~t: t t ! ~ t s  

i.:ct.lr p i r , zon~t .>rs ,  xbci by eye bcainst. a f ixed sc:,le, w u r e  

llsr*c ; o c;ttsrri!in.: t h c  (:if St? ren t i a l  h e x i .  lit lot; d i f f e rcn -  

t i 2 1  hc :~cg  it w ~ . s  nct. ;lossiblt: to reac t h e  water 1evc.i~ 

i.crcr.z.tel:,~ cnoa,~)i t,o . ~ k t a i n  the sarzt: ccgri't! of accuracy 

LC t11c  fin;:L rtsults e s  ;:L> ot;teLr:able fit tile h i ~ h u r  diffe;- 

1 I .  2 t l. iil be noticctl t h a t  ctlc t,o this, i n  most 

1 .....,- . U,.J, t n i ~ ~ e  u i t h  r;t;incnru Senturi  nit:t5rs a:~c. 

. , u s i n c  cevrct:s t o  r.-;~ti tht ai:'t'cren:,lal. hca~ is  trlt?, extren~e 

i:ccurac)- ilt) have shown t 5iit t h e  rr.cter coeff  i c i c ~ t  COEI- 

rt.;::cc; t c  f d l  f o r  v e l c c l t i e s  below about seven ft .  ./see. 
... ,..- i * ,h a near ly  miforin coef !'icit;nt abcve this vel.ocity. 

-"  . , . a - .  '1; the  t ~ s t s  0:) ti;c si:. .?lified :seters :.iurci no t  conducted 

hit!: ~ , . i i ' i ' i ~ i ~ : l t  i~cC':)'&C:r to d e f i r ? i t e l y  show t!l i  i ' t d j i r ~ ~  

conclur. i ~ r l ~ r  s?tcs I h e t  t h e  coef'?'lcient rt.meir.s n ta r iy  urL- 

l ' l ; ~ ~ ,  throu&?iou t. t h v  c n t i r c .  ran;-c: of flows tu:;tt;c. 



Lunclery 

Thc:fic: t.i'st,s have thrls J ~ O V C ~  t h , . t  t):~ cou. ling two 

s!.tirl~.ctr'r: :>lpr; r o ~ : l c c r r ;  to[_etl.~cr, a Ve:ltnri r;:eter. i r i t i i  t h e  

i ' o l l o ~ . ~ ~ l , ;  ::! s lg tc t t r . I s t i cs  c ; a  b e  !-!LC: 

1. ?')I+: cocf ' f ic i t :nt  ehozlc cii:oct C/.97(! o r  

u.572. "I'ir: i r ;  s l i ! , h t l ~  10x21. t ha i l  t h a t  

of present aanul':icturcc: Vcntttri c ,eters .  

". 2. ,!:e l o s t  he36 in meters L I ~ G E :  f ron c s s t  iror! 

r~cucers s 5 o ~ l d  t)c a??l.o:ii r ;,tsly c q ~ a l  thct, 

o:' ? k c  .-,resent sl iiltdard I-ltat,crs, ;,-hilt t ha t  

o f  :. > t  CC: zc1.cr x!'o~I~c~ L42 ; i h u t  1-I/,? tir:es 2s 

1;:-t-e . 
- 7  

, . : r. - err .c; r  i n xea:;llri.ment, whil:: ~enc:ni,i:;c 

t;.:rbr. 1.h:. tzi- .= 0.' cj. 1'1'ercntinl h ~ ~ c  r~tessur- 

in;. ~ t v l c e ,  shoulc  cot ,  e;.cCccl k: 1.75%, as 

esri:.:)ar*c.d h I th -i I.:.' 2s ;.:irrr.iir.tet t for present 

stir~c;arc Verlt lri motrrs .  

'I'h r~ a?. \!&I vc 

In ~ . i : . . ; ; i ~ ; i  th:. t c s t s  t o  cet,?r:i.nt. if' it 1.mtiln be 

p o s s i b l ~  t o  iW:sc:rt c; vi.lve ir. L ~ ; C  tki-oat sectior; ot' t.hc 

Vent?lri i:,eter 1-:it!.oct i:rcr;t.ly ;.:'fcctilt& Its chnrncteris- 

i "&cs, i t k ~ .  12tt x F"  s t t : e l  :net,er L;LS f ;.rst used. Tests 

wert: x't~rt ~ : i . t h  i:lsert s e c t i o n s  cf one, t+ i~  i::ii t hrre  foot 

leri:;tbs, hot!! xiti.: anc. wi t ! - ;ox t  a vklvc fol lowi::~ thi.::~, 

V d v e  opt:nir.gs of f u l l y  oper:, t,hrec c:!lnr.tcl.s open, one h a l f  
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an? one qua r t e r  cpen wcre t r i e d .  These openings  were 

founc by r.ietis~irin,_' tP.ose ? rooor t ions  on t,!le r i s i n g  stem 

. . znc c;o not  repl.t:sl;r:t area propor t ions .  Later t e s t s  were 

1 ' ~ r :  0:; tkr: F" k 5" mci L" x 3" st.ctil 11,eters bu t  w i t h  only 

or:c: 1cn~:l.h of i c e e r t .  

The cursvcs of C vs $, LS shovm i.n itpi2enCh 2 and  

?it-. 13, ci.91:. L!-\at, w l , i l ~  t1.c cccfficilcnt i s  lower .then 
* 

t h h t  f o r  2. 5t1,bizht  V e ~ t u r i  mcter ,  nevertheless, i t  l'e~i2ir.s 

nezrly c o n s t ~ t n t  kvon w i t h  t h ~ :  valvc three  q u a r t e r s  closed.  

It i s  ? - ? I ~ ~  t.-?pn~.cnt t k t  R v d v e  za:v be p lacec  i f i  t h e  

tk . rot i  ol' t ;  !:er,t!ir.i nc ter ,  fol1owi.n~ a mi table  s e c t i o n  of 

strai;.; t ~)I.::L, r:it).out 6es',royi:i~. it,s m t e r i n ~  q u a l i t i e s .  

kio t i s t s  >:ere I - ~ n  :..itt: only thr: viilve i r iser ted i n  

t h e  throat  ss i:, cici riot aecm likely t h a t  thi: meter could 

funct ion  ur,ce;. this c o n d i t i o n ,  &s t h c  cc;uizs &r,c svr i r l s  i n  

front of th:: i ) r t r t i&l ly  c loszc  valvc gctv .t.-oulc l i k e l y  be 

re!'lcctei l-i. t-tr;:iurl i n t o  t h u  t h r o ~ t  Frcssxre  r i x .  It may 

be ?ossi!~le Li:o l;:h, t h a t  i f  n valve werc nteaec 101- open 

ar:c s!;ilt o;)crat ion o:ily, i t  co:~lti  t c  ;laccL c i r c c t l y  follow- 

i: ,- : , e ?.brc;~t s:)rt:i>\lrt r i r . ~  wit:.orit ~i iz t  urver.in,- s t r z i g h t  

~ c c t i o i l .  

It ir, to be ~, ,?ccteu t l i i t  t:i?: lost  kc;;* acre. s r: :peter 

hlLii t ~ d v e  1rl:ic;rtec in thc tk rCl&t ,  W o l i C .  b1: ~ r e a t ~ f  t!ian 

t:-.zt acro:;s ;. 1 - c ~ u l a r  m ~ t c r .  Tible i; ..ho\;s this t:, be t r u e ,  

' t , i l i  tiie i : :cro~se  i s  :ict iis i c g e  hs ~ ! : t :  rl,i[;?,t thi::k. Lost 



c i i t i n n ,  k s  t.'.., uurposc o!' closinl:  s v;lire. is t,o i.ncrease 

thc, 3c.s!, !.ea(; for. t1.c purpo:..: of' c l e c r c ~ ~ i r l i -  t h e  fiow. 

.,;:i'!'icij. !it t ;sts kcrL r:ot 1.112 t o  c!ctei.liLrie i f  any 

c t  ;'l n; LC 3.c:.k,t!, o:' r ipt; sf.oulc lie i n s c r t u c  bhcac of" ~ t . :  

vaivc;  f.oi.cvt=r, cxnLrimcr.t.c f;i;vc s!10wn t h t i t  Eiriy O ~ S ~ I ~ C C -  

L . b i c ~ r ~  C.I. ~ L : A C  i i i  a ?i:x o r  c h m n u l  z;,uces v e l ~ c i t y  anc; nrcs- 

s a 1 . ~  cf..i~.;c :, :.;hlc!! u c  r z f l e c t ~ c i  u?sl.r.:m.. 'iht. u i s t a r ~ c e  

: i?s t rcx,  \~ ; l . :~ i r .~ ,  h i t ) .  th:: co:icjuit; z n ~  U:a ch?isu . I n  orl'ice 

I. et .=rs t I l k  r.~c,orr~r.ur,cetForl 49 r:;.c.e t k n t  T , ~ C  i~?strc:.EiE pressure 

cor,r.cct.ic;r, t t ;  :::.kt f r o r  3 to 2 c i i  ai::et:rs rii:ovf- t.!:e or.ficc 

-,.I ..,;:tt ; i . 1 . ~  re 'c'orc, i t  se ; :~ : : :  r ; ~ i r ~ . o n & k l t .  to &ssl;~it: t h t t  t 

v i l l i < :  , . : i - . - * - t  i.r. t h e  t h r o a t  sccti.on of 2 'Je:;tu:-i ;:it:t?r s!!ocld 

\ : G J ~ C  x;.t:.r(:ll:., z i ! : ; ; ~  21: : r i i : ~ l i  i~r ,ount  l;i' lost hcsa ;nc, s?:oilld 

. i;c ; - ~ s r . % ~ i  zi- .  I-.&- - r c t  .. . 



it xcst s ta t t :d ,  the:, ?.hc; 1r:cthad of d e t c m i n i n ~  the  

cii 'fer.cnt.ial i !cac !;rs;J t?e thv cs~:se  of _I.ar:!e errors  and 

r c t  t,+,- r::,:tcr i t : ;c lf .  A rood ej;mlplc 0;' 1hj.s is t h e  !19~h 

po..;iti-qe? e r r o r  .in I!un 7 (Tic. 3 ~ ) .  Here, Ult: r e i ~ d i n g  

-,.;i,? i! 1. i : , :  :\;lq-~ st t'rrol* )];is A sl f ia l l  ci.i f!'erent.i;ll hcibd. and 

., c, low t j  ' 4' ' ..-., ,, ; errc..-,ti a;. ha&ds cc,il].ci not b ~ :  : - ; t~ l,,;i t! gri?at 

CnCllrEC:,, i,?!: :-.-.jc; I , : c ~ L ~ ~ J ~ ~ T . ~ :  device ma:; P:.:jvc k e r ,  t h e  cause 

0: t:-,.: ':rlSor 1-kti;cr t,?;tr, t h e  :i:eter i ts~jll'. C e r t d n l y  it 

5': !: jt, ;I Ver,t;lri rr~t:ttr i s  r,r~ %ore: 2 c c u r ~ t e  

t; ;in i.; tj;,, (3t-,-:.'i2c ;:st?(: LO ~ i ' f . ' - - '  .,,.,uru t h t -  d i f r ' z r o n i i a l  : - i t m i  

;.c curt~c;; 

E.rc;n: i . 1 1 ~  : - y : : l l t~  of t h c s t -  t::sts it L:> 2p!)art-!li, :?;:it 

; Vel:.',.~:.i iL8etcr or' :.,ooc accuracy c;n be a x e  h:; combining 

t;:c 2 t a~~ i l r i !  3i3~ red1:cers illo:i~ hit!; s u i t a b l e  Tressure 

o ~ l t h ~ t s .  : .~; i le  it cannot be c1ui~; l td  t h a t  they have an 

ncco:acy ;; !: j75 i;5 the nrise~t s t z y d a r d  nakes of irasturi 

r..:tcrs, ti::::. ;.ccor.hc>- cf' i 1 .?5$ i s  Z C O ~ !  enex[:: to cLioki 

the::. t;sc i:l r:..::;r i f i s   tin^ 3s. 

. . :z:pG.;r.irne::;s t;.\rt. 3i-,c.*8::? ! 5;: t., , OVL':' 2 ~ + : 3 ' i ~ d  @f t.i2ll, 

2 Vt.nt~-r i  :,,,I :: .rco:..c:: :;.;fficic:::t.ly co:.r.cidec; t o  ct\!.ise e 

j .~ .  t!,:~' r:o,. f f i c i en t , .  I: !ij!nnlj.fitr 'c! rnt.:.?:. crtn 13: re- 

::.ovec. hz:. (! ].ysr!ctj t e  $?& : i l ly ;1~. i. ;?i:~'~?f C'Z' ', @Vi!X' i. ,?cried 

d *  

Q:' :;ckl.c, i t 3  ;bC.C: lr(LO1r n:;y tc a:j gocd, i I r ,  $!,an 

t , t ia t  cl' ?:-esk:lt r;;t;t:.-r::. 2qo; s ize  =LC t:ci;,kt of 2. :;tWi(.- 



. . . . . . . . . . .  ,:?;,c:-:. tk,,. i;ltq:- i s  weirheti. ?;.9 
I I I I . . . . . . . . , . .  C G  Q meirsured i:: t a l k s  
I I I 1 1  b;. 1:3cc h c n i c d i j r  . . . .  ~qovir,;- ni.:tcrs 99.0 
I I I ,I # I  by Vcnt~ri tube . . . . . . . .  n c t c r s  55 .O 
I I  1 7  :a II :,y 01-fice :,i~:.L.;r'. 55 .O . . .  
!I I !  I (  ! b:: p i t o t  tul,t- x , . t ~ r s  . 97.5 
t ! I  I I  11 by V-noxcl: wuir ~ r . e t e r ~  C;.?cO 

I I I I .I I I  by reci,snr :11~r :;r:i:' 
t.?ctsrs . . . . . . . .  ' 3 . 5  

I I ( I  ) I  ~t b:; s:a t v o l o c i t ;  "- . . . . . . . . . .  ,,1ct!?od $6-c/B. 5 

, 2 :  :ric': lo:;..-r tha~:  f o r  tkc present  s',&nCarcl ' l e n t u r i  

r c t c r y ,  :):is, n lxs  t:?r: _F;,c!, t?,:ii :i r . i - t t . 1 .  cf t h i s  ?.;/i?e 

. . cr;n !;I.. r:;,r?c. 1!1 kn;! sect lo.? (if t.ht; cocntr;? arlc thcrofcrc is 

. . 
1.;a- . l l y . -  c v ~ l L c ? . l o ,  i.5 i. t .s  r ~ ; i ? o x '  stlvant 2ge. 

'j",err. ::rv r:uiy nett::. i r , s t , & l l h t i o ~ ~  vdicrt2 C C C ~ I . ~ C ~ C S  

cf I,< 2rk; 2.2~ i:ss~,c..ti;tJ. rind here b chezpcr rwter of 

, . y ; nccurhag woilii be J u s t  6 s  ~ t ~ i i . i i l j 1 ~ .  ; t!!? 

-. 
, 411'8 USE: of i r r i rct . i~n f i e l d  bc.ir,& not~kl l ; :  axwr.?le. ;:ti.?"' 



3 9 .  

: t , ~ . .  t .-;l( I.;..:: e r  c 0111ci iJ.so !:G z m e  b:,r v~atl.~:' vc~rks  d c p r t -  

,.. .., " "  . r  ,+ 
. 9 ".' c : :  : !.:y t ~ y  t l i u s . ~  I.r! sfilail(;r tow:!; r,h.cytl. I,!;L. prcs- 

. ) . - , . . - . , . I  
, . , .. , . - ,,. , i .;:*G:I.; L L t s  t,hei r !-l~i:.c zi~n;, i;' ;~q;-, 1 2 r f r ~  o 

Ii!CLt?l ' .  

.,-. 
,::c. :.;,.;::.!tr; of' if;<. ti:sts i;,;AC;c. d ~ i . ~ i i ;  L ' i i . i i r $  .in L;ic 

L ,,.JYJ;;I i ~.;":ij:.i 0:' t).c !:!ct~r, s!lov! that  wkicrl ?.I1 LCC;LI'i;CY 

u:' kro:.l,l r. 3.:; cir,:j L l o s t  ol' t,wu, !.o ?,!:;*t.t: Links r;s 

~ r e ; , t  k ; .  ti.:.t t ; : i . ~ ~ c t ,  ~q cjrtiij:~:.iLr ~ I : Z L C : ~ ~ C ~  '<eritu?i 

!net?:., i:, :,r,Iniis;ible, it ~ c x l o  kte .oss ikic  t o  ils+:. L;~;c~I 8 

,.st . set, 12:. .. I, t;;:-!%. i:~st,;il a: ickn s? ! c~ l i :  t;t: cscfi;: i i i  r.iork 

w!!try: :,i;> (i,[:'r:;.cr.ce ir: c o s t ,  Si.tr~ccr1 a ve lve  t.9 fit t,hc 

..7L2, r; -- - - ' 
.. . .,:.. !.. ;.r,c+ c;:i* t c  : ~t t.5e ttzrcnt,  soul^ be L~~portzn+,. . - 

it .~!:!c:i:i . . ... . :, ~':.:ic, xt-;>:,licet.lori S.3 t,!.~. 1-:st,er wo~l:s i ' i e ld  

. , . fi ; , .::I., *'(. . j ' , t  .' ~ ~ p j ~ ~  C O ! ; ~  o!.. ~ ~ ~ > ; t i - 1 2 . ~ . A d j . ~ : ; ,  C O ; ~ ! . ~  LC 

, . ; I - . -  kt.. .::r -;; ,::.;;: v c q ,  ;.ate c0r;troli.c. rr: wht:rc tb:e m a i l e r  

,-;I;LI.:.~ .: ~j-!,:,:!~.,.i s : : ~  2. ~ < ! , ~ C L I : ,  ~ f d v +  s!-:~;lc. :n:-ke Yo:. e t . 5 ~  

5:' i:-.? ;.*- i . !  : ...n ;.I; tht. cro-dc;er'; f ' i l t ,cr  !.'t;l2.crrics. 

. . . * ,  . . . .  4:: 121-,-(1 C i l c t , , ~ y  0,C 1(;:.:q1~ C O Z ~ ,  tk:e ; : i m - ~ l i -  
, . - -.. .. . . z ,  . 

" ; *a + - ! ! : . r i t ,  . For .'L;l:jtarl(3e, 
; - *I ...' : I, . . 

rt,l . . ,.ic 1 t . r i ~ t h  , ..t.:.; <.r. l. . r suol ly  of ~nuch r;ho:-:er It:.,-- 

- .  ,, . ;..< , -  .- 
G;. ::.;,.. A+.. . . .,., m p - l f l e c  c a s t  iror! xnet.er ~ 1 : ~ :  3frTl', x!lj.le 

I . .:. t v i  I: -iet. zt..rlt. z '3~ipt~'jbl;.  r, tr?rider!: IT. ~ t c r  cou5 be 

, t , :?.- 111:: x ~ t 2 ~ 1  mt:tc;.r b:ts 713" Z c r y ,  ~ L I C  

. . .  
2.5 Gh.,, , , L  ,* !3':+. 2:- :,!o;.*lc. : i ~ \ * c  r e s ~ 3 . t . ~ ~  :I* ?;;G 5 ft,. 

f~'%;ey.>.-i.r.y . . : ,:c ;F;-J:~ .Y:,-: r.:::1;1~& u i t h  ;: 2 ft. s e ~ t j p * ! .  y r ! i ~  

~i:(;y:,.,:;.;:, - :.:;' '_?:.: t'tivtrL-j.rAt. : :~ctio:l  !I:;. rprovec, ti) l * t - ~ ? ~ l t  



l o .  

i r k  ;, s;~;~1:1,, t. o v c ~ - a l l  i ,ost ~u ; :L  1 y ~ t ' ~ ~ 3 ' i . l  cj:?~rir;lc::;t~. 

' ;?I .  C;t:r;nan I.:,-?e ,:t-t~;. (FI-l:. 2) co:ifim.s this f & c t  zs t e a t s  

! ~ s ~ i :  s l ~ c ~ w : ~  i! t.o hcivt, a ~ ~ L u c L I  1 ~ ~ 1 e r  lost honc t h ~ n  G O  tor- 

. L.,r.p .sectioris. T1:e s h o r t e r  :v.:.:It,Lr :aei,c:-:. i . i  t!i lon. civc-..: 

c~:~viir,t.;;t;i: ur, :#ro,;zc;ts wf~cre it i.z c~:sircrhi.:.; to r:;vc t h e  

3:i:r;::ln; ti:.:!., ,.,.;t.er cr,c co r i t ro l  valve loca.tati i n  : k:c S m e  

. -  . .. . 
i i  , r :e rcs i ra t . i i i ty  of h k \ r i n ~  t f l~.  valve snc; r,ti..ter 

! ici: i je~: to! i i .  t r a  c : : ~ d  t.he L cv;;ritz~e 01' br:irlc ~t l t :  to 

2. sr;:~:i.:.cr i ; : ! L  t.k;..!refore cL'c.il?cr cor.,.rol vci;.ve !iss keen 





V I  Conclusions 
. ,  . 

1. >.';I i n t ~ ; ~  two siandarc! 7Fpe rcciuckrs an accurate 

mc. r s ~ d i l y  av~ilsble Vcntilri meter results. 

2. A rate v;!.ve may be plhcec in t.ht: t h r o ~ l .  section of 

a Venturi. i;:etcr w i t h  oaly rdrior efl'ects to t h t  hycrau- 

l i c  zli,u=.bc t e r i s t i c s .  
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l r l s t i l l la t ion Factors 

l / , e t e r i n l s  t o  be Used 

I n  i n s t ~ l l i n g  any typch of Venturi meter t h e r e  'are 

ccr tc l in  !':ctzrs ~,r".icb, n ~ u s t  ?N k e t  i n  wii~d. One of t?est;, 

i s  t h e  r e lvc t lon  ci' t he  rr.nie~-:ial. of ~d:i.c! Lo c o n s t r ~ c t  

t h e  rr.cter. '?h'j:-2 are :it:verd itenis Lcsiic:; :!:e ori;;inttl 

c o s t  iihicl, m c s t ,  bi: concider.dc. >l;ile t h e  c;te::l rieters 

hbve t h v  ac'vc?.ts;.c 0;' f r a v i n ~  a lower f i r s t  c o s t  than  th r~  

c t t s t  i ron ,  ?.hey i;&ve s ~ v e r a l  d i ~ a d \ r i \ n t i e t . ~ .  

The losL i l~~u i ,  throcgh t h e  12" x $I1 s t e e l  nieter 

t c s t k u ,  tta:: t i : i c ~  t?:kt  thr.ouf;,;h t h e  12" x $I1 c b s t  i r o n  meter. 

' r;T,i le t h i s  i s  sh t .  cntlly com!>arsisc;n availeblt:, i t  is reksan- 

~ b l c  t o  E:;:;uuEa that t hc  o rc i r~r ; ;~weldcd  steal pipe \.ill 

usua l ly  h~v::  j:rr:stbr ralatlvc rouchness than w i l l  c k s t  

i ron  p ip-  GI!: L!-:tr~i.ore, i t  should be expcctec. t h a t  o s tee l  

rneter w i i l  ! ,ow t ? ! ~  i.;reater l o s t  h t . ~ ~ .  it has tee?. pre- 

v ious ly  poLnteb CUL thst tilt s t e e l  1:::2ters t e s t e d  -,.;err: 

cvi~cntly w e l d e ~  ~ l t h  a hand ccn t ro l l ec  arc which ~ r e a t l y  

ir~creased th., ; ~ p ; k n e s s  over t h c t  01' t h e  origin& steel  

t ;,'it,:. tilt: i n t . r ~ d : : c t i o n  of newer mzch.lnc! ?.elLers, t 

i",.a:y bc oosvib le  thet th t  s t e e l  ccter tLl l  ca,,?ara very 

i.avorebly ~ - 5 t h  thet of tht: c a s t  i ron ,  in th.2 itljrn oi l c s t  

hezc. ( I .~L steel ~ e t e r  1x.i~ t h e  a - i d i t i o n d  c i sadvar i t i~ge  t h a t  

i t ,  n:ust bt. ;r.&int,rxir.ec, Pro-  is ions must be mace to allow 



whter- c o v ~ r e d  surfaces cen be cleaned mc: repaintec,  The 

this no in t .  1!0t?1 of thc!sc metars had been i n  use f o r  

qy?rorim;itel?: four nilonths, e t  t h e  t h e  of' t h a i r  removal 

cecessary !hafor? t e s t i . n ~ .  ) is i ther  meter, howcver, hoci 

beer, -e.ir.t~~ Ijef ore  tht! o r ig ina l  iris tallation, 

I b i  steel .meter is defj.nit,ely rflch l i ~ , h t e r  ir. weight, 

anl  thus c ~ s l e r  t o  i n s t a l l  or dismantle t h a n  i s  a cas t  

ire!: o:: : ; ,  therefore ,  If' s:?.ut downs ox1 trc:&s I n  t h e  l i n e  

car. br t o l c r z t z c  , sone of the  c h i n t e n ~ n c e  disadvantage 

31; ?j.ezoncter t~ke -o f f  from t h e  nressurc r i ng  should 

ricver k e  i : .~cc:  at tkt to;, of t t i ~  ring. 1: side t&u-oi'f 

alqfi;i-=;; LL~;;;; ~rc-rcra'cls, Thc rchson f o r  this AS t! iat any 

air i n  tht: 2 ipe l ine  hags t h e  t o p  o: t h e  ;ti?e w i t h  t he  

rrsalt t.k:ht a i r  ? > ~ ~ t k ~ l c s  csri en te r  t?:e pressure line. 

I!' ;my an?ou:lt oi' s i i t  is cnr:.ied in t.he cater Leing 

ii~etercc, a L1ow-o:': - d v e  at thc 'mttorn 01' t h e  ?rrsr;ure 

rinr is h c l p f u l  I n  r i d d h i ;  t h c  r i ng  of any s i l t  which :nay 

co l i c c t  in i t .  Zc;rc shoitlc aluays 'oe thken  t o  see tha t  

c t h e r  r~corcir-;+ d e v i c e s ,  2itive no l o w  o r  hi&* spo t s  i n  them, 



!.,'here ::hLerb uiczomnters or dif f e r e ~ l t i a l  manometers 

arc used ,  :?orst. f'ornl of' dampcntng: device m;y h;rrc.! t o  be 

1 i r :s t idled in order  to insure t : ? e  c.esj.red accurec:;. I r i  t h e  

cast of ?;etcr niecometers, this car; kt1 7rcvidcc bj- us in& 

1zrge s l i l : l n ~ - k x ? l 3  niezoneter t~! t )ss or  dm,,ne~ers, as used 

I ir. t I ~ u  t.is!.. ,. very ne:k tyne of c lm~cner  cal; t:e ~ c d c e  by 

?lacin[ :  s:'.c,I:. , ';.:,L;Y Y plu y s  , tb - rou~h  wkich have be.-n brrr-d 

h sac11 tlolt., &::to t,!-,:? :line conr:ccti::.: t h e  =l iezo,~eter  to 

?lu;ls zre -2l3ccc , 2.s r:o?;ipvC w i t ?  a union i.3 kot h ends, 

ever, t:r.tt ~1: tubes: must t;e cm?erir-d t h e  2i t . r :  W T . O L ~ ~ ~ .  

1 rl=:..ii1;.:: Lion 

1:i i : ! s tL i i~ .g ,  s . eter,  care shoulc be t t i k c : ~  to c;voFc! 

i 
ai;y cet tii:..+.. :ir.fLlliit - C ~ U S L .  a ~?i_.:.d. movement of i k . e  acter 

j ,  t i  i t .  I l le  c!i lei' carrses o!' t h l  s bl-ir:g 

i : ls tal-~tj .or;  $36 :.ear ? U F . ~ L ~  tt.nds znc. st!c;ce:: cnlar,-~rnerit,~ 

I z~ntr; , : t :ons,  It j . ~  thouc'-.t t h a t  zi 1 t . t - : , t  tcr; o r  t?,L;vc 

noverficr.!. ~i.j.3: trn?,5t-?r., sl:itei.>c ::t ~ ~ . e g : ? t  er:ir.g be 

.. ,,r:c: ._. ; t.1. e ch~.r.?c!.c~:.i stics of t.!;? wries b.~S.n; c:epcnCcct upon 

. 1.h~ mou1.i o:' st. r.:.S.i;?:t.en: IIE necess2ry. 







Road I n g  

61 
62 
63 
64 
65 
66 
67 
68 
71 
72 

h 

f t .  

1,315 
1.295 
1,085 
0,855 
0,478 
0,520 
0.360 
0,247 
0.218 
1 .862  

DATA FQ. 

q 

Cofolo 

3.  "tgO 
5 • 660 
;5. 5 4 0  
2 .  9 2 5  
; .  225 
1.1~00 
1 .927 
1. 603 
1.496 
4 .  355 

RUN I 

Cv 

0.9~7 
0. 979 
O. 9Vv 
0.974 
0.979 
0. 970 
r~. 9'7.'7 
0.981 
0.975 
0.972 

(CON'T.) 

C 

0.977 
0.974 
0.97~ 
0.970 
0.976 
0 .965  
0.974 
C.97V 
0.972 
0 . 9 6 8  

Los t 
He~,d 
f%. 

0,175 
0. 170 
0.143 
0. 108 
0.  067 
0.04V 
0 . 0 8 2  
O. 03~ 

0 . ~ 5 2  

48 

Tem? • 
"#, t o t  

OF 

6 7 . 5  
8 8 . 0  
6 8 . 0  
6 6 . 0  
68 .0  
6 8 . 0  
6 8 . 0  
6 8 . 0  
6 6 . 0  
6 8 . 0  

i 
2 
3 
4 
5 
6 
7 
8 
9 

10 
13 
15 
16 
IV 
18 
19 
2O 
21 
23 
24 
28 
29 
31 
52 
53 
54 
35 
36 
57 
38 
59 
42 
45 

6,070 
6 • 103 
4 • 972 
5.555 
4 • 502 
4 • 505 
3 • 967 
3,685 
;5.685 
3.~92 
; .943 
;~. 557 
2.252 
?. 250 
1,658 
1.962 
1. v2~' 
1.808 
l,SqV 
1. 583 
1 . ~ 3 5  
i. II0 
O.aSO 
O. 720 
O. 610 
0. 488 
0 . 4 9 2  
0.370 
O. 300 
O. Z70 
0. :."70 
0.090 
O. I12 

DATA FOk HUN 2 

7. 550 
7. 420 
6 • 680 
6 • 970 
6.360 
6.560 
5.980 
5 • 810 
5.760 
5 .525  
5, IVO 
4. 800 
4. 505 
4 . 5 7 0  
4.047 
4 .]95 
3 • 950 
4 • 048 

.817 
3 . ~ 4 0  
, .  148 
~:. V45 
L'. b48 
2.540 
2,O&5 
'. , I00 
1,854 
I. 645 
I. 571 

O. 905 
O. 99'T 

0.970 
0.975 
0.975 
0.977 
0.974 
0.975 
0.975 
().981 
0 . 9 7 5  
0.9V4 
0.9V8 
0.974 
0.9~4 
0.979 
0.970 
0.972 
0.977 
0.977 
0.982 
0.98.3 
0.975 
C.971 
0.977 
0.974 
0 . 9 7 ~  
0.971 
0.975 
0.978 
0.9V5 
0.980 
0 . 9 7 6  
0 . 9 ~ 9  
0 . 9 6 9  

0.964 
0.970 
0.967 
0.975 
0.968 
0.968 
0.970 
0.978 
0.969 
0 .969  
0.9V4 
0 .969  
0.g70 
0.984 
0.964 
0.96V 
0.973 
0.972 
0 .9~9  
0.981 
0.9v0 
0 . 9 6 5  
C.9V4 
~..970 
0,968 
0 . 9 6 5  
0.968 
0.974 
0.970 
0 . 9 7 6  
0.971 
0,975 
0 . 9 6 2  

1.598 
1 • 601 
1.298 
1.401 
i. 197 
i .18V 
1.060 
0.992 
0.99 ,5  
0.952 
O. 805 
0. 702 
(,.618 
O. 620 
0. 510 
O. 540 
0.478 
0.464 
0 . 4 5 7  
0.451 
0,525 
0. 304 
0.125 
0.195 
U. 167 
0. 128 
0. 155 
0, I00 
0.2V8 
0.070 
0.0"/2 
0 . 0 2 5  
0.0~7 

6 3 . 0  
6 5 . 0  
6 ~ . 0  
6 5 . 0  
6 3 . 0  
6 3 . 0  
6 5 . 0  
6 ~ . 0  
6 5 . 0  
6 5 . 0  
6 4 . 0  
6 4 . 0  
6 4 . 0  
6 4 . 0  
64.0 
64.5 
6 5 . 0  
64.0 
6 4 . 5  
64.5 
6 5 . 0  
6 5 . 0  
65.0 
6b.O 
6 b . 5  
6 5 . 5  
65.5 
6 5 . 5  
66.0 
6 6 . 0  
6 6 . 0  
6 5 . 5  
6 b . 5  



Reading 

/ 

DATA FOR a P l M  

C Lorn t 
Bead 
ft. 



Rending . h 9 Cv C Lor t Temp 
H e ~ d  'dater 

It. c.f.e. ft* . oF 



h 

ft. 

3.543 
3.373 
9 a 100 
2 a 1387 
2.666 
.. a 2 90 
:! ,242 
2.  :!lo 
'i. a200 
:. -140 
la922 
1 a 003 
laG72 
1a4B5 
1 328 
1 a223 
la350 
1 a 210 
1 a 163 
0 l 812 
Om812 
la105 
1.101 
1.093 
Om827 
0,726 
0.638 
0 . 905 
0.408 
0.320 
0 l 370 
U.277 
0 243 
Om242 
0.200 
u.200 
Om166 
0 a 130 
Om 128 
1 a 033 

Te~p. 
'Va ter 
OF 

66 a 6  

6'7.0 
67 a 0  
67.0 
67 00 
67 6 
67e5 
6% 5 
67.5 
6'7.5 
67eO 
6'7 a 0  

67.n 
670 5 
67.5 
67.6 
6'7.5 
67.6 
67.5 
67.0 
67 0 
67.8 
67.0 
67.0 
67.0 . 
67.0 
6'7.0 
67.0 
67r0 
6'7.0 
86mO 
66.0 
6 6 ~ 0  
66.0 
66.0 
66.0 
66.0 
66.0 
66.0 
6606 











h 

ft. 

0.110 
0.150 
3 L?L3 
3.2::O 
J.218 
0.307 
C).E,lO 
0. N O  
.I, 590 
O m ; i 9 O  
0,337 
U. 84'3 
0.032 
0. .120 
1.03s 
1.120 
1,215 
1.322 
1.415 
1.513 
1.007 
1.730 
U e ~ l 3  
v,287 
5.9413 
;j*u35 
5.445 
6.623 
4,550 
4.215 
3.1332 
3 w 570 
3 283 
2 . a ~  
2.8U5 
9.077 
4.015 
C*7t)5 
2 373 
2,422 
2,237 
I,@$S 
&.ms 
l,997 
1.840 

Lost 
i:oad 
ft. 

3 033 
3,045 
OmQIj7 
I) . os0 
0 055 
0.005 
0.038 
0,150 
d .  170 
3,210 
0 255 
0.248 
0 270 
0 270 
0.302 
0.328 
O w 3 5 0  
0.576 
0.390 
0.442 
0,453 
0,430 
1.880 
1,762 
1 667 
1 , 570 
1,597 
1.50U 
1 o 2 i l S  
1.103 
1,QtJS 
11.010 
0 .OLO 
0.313 
3,795 
C) -358 
1,212 
1.3W 
3.750 
0.700 
OOG30 
0,583 

675 
d.5436 
0.533 



ft. 

Lost 
1:and 
ft, 

Temp . 
Rater 

P P 

62.0 
62.5 
62.5 
65.0 
03.0 
6300 
63.0 
63.0 
63.0 
63.0 
63.0 
G3.0 
63.0 
c15,0 
63.0 
03.0 
63.0 
63.0 
63.0 . 
63.5 
63.5 
63.5 
63.5 
3 . 0  
64 0 
64 e 0  
64e0 
114.0 
6400 
ti4 00 
64.0 
64 00 
64 00 
64 09 
64.0 
64 00 
GLoO 
65e0 
6600 
GbeO 
66.0 
65.0 
65,5 
66.5 
tit05 





~3 t ~ p a ~ w c . . ~ w r b  ~ * e : ~ t  c c.-I  ~ r :  r r r c o c  t"-P 
* @ o b . * r e ~ . e e Q . . ~ O * . ~ * * * * * e  - 6 0  
e O : d ~ r - . + ~ ( O  r - ~ ~ ~ ~ . L i - ~ ; . ; , ~ ~ t ~ t ~ ~ ~ ~ ; ~  e m  a 
p > ~ * b t @ w + m p a ~ ~ ~  2 4 C 1 4 h ; . b C v ' C . b 4 C - ' O O 4 t 3 0 *  P.r+ 
u ~ j ~ ~ ~ t ~ ~ t ~ m h : w m  ~ V I W ~ J C ~ O O O C , ( ~ ~ C J Q O : ~ ~  



ft* 

1 u-73 
1 . '125 
i.723 
1.6~3 
1.1;30 
1.4 3'7 
i .-I13 
1,,.313 
1.133 
1 .020 
3.215 
0.8;:3 
0.722- 
1). 612 
0 ,  i35 
'3 432 
9. !30 
0.370 
3.233 
3.210 
u . l 4 G  
.J 0111 
", .)'75 
2.437 
z 600 
2 . <;To 
:: * n o  
;: . uon 
:.: ,993 
3.133 
3.422 
3.535 
3.63f3 
3.728 
4.150 
4.202 
4.460 
4 . 6313 
4.648 
f' .920 
5,036 



G C O C C O C C O G C C C  O 0 0 c C O  C C C G C C O O C G O O O C C C ~ C G C G C L  ....................... ................... 
QrC,1=c3GQc3QcOcOcOOr3 C G G Q ( 3 G  W ~ ( D r C ~ c 3 ( I : c D G ~ t : c D G ~ t 3 ( S ' 1 c t t i ; C + O ( O ( ; ! C c f  

ggE%ggEsggs$g %g$g%$ W P & O & N W P ~ M N A U U U O ~ U ~ ~ L ~ G : ~ ~ U  
U ~ O ~ ~ P P G . ~ ~ O U ~ O C O L ~ L ~ P ~ P G ~ W P ~  

L C-'CC i ; t r : p p p t , ' r :  C) :> i :  i- O:C.:;.c.r, : :: tY :,' ..... P . . . . . . . . . . . . . . . . .  

4 4 O : A t . i  2 : ~ 2 ( i ) G O ; -  -? i ;  C P P F ~ P ~ L . . C . C ~  
P 4 G . 3 O W - I C 7 & 4 L 4  q L t C  G P & . G C . G C I G L A  
O Q a  k ~ O L ~ ) ; L U C l G I . .  O O C 4 C ~ O C O & b @  



: O.Z? . 
,. r! tor  

0 1.' 

G3.0 



oGCAG'U 
r . . .  
r j c  0 c . C :  Cr s 
t . rL .uCw 
U1 t1 C t'; C 

o @ Q ~ ~ G . ~ . ~ P w ~ W P W P P W W P ~ ~ N F ~ P ~ ~ ~ N P ~ N U C ~ M W C ~ W L ~ W C . ~  . -  0 
* ~ ~ * . * m m . . * * * . . m * . m e * * * . * . * o O . . . . e . *  ': . . . * .  . 

g.ONO)-'grgG. , - . c D w t r , G O ~ b r ~ ~ 0 4 i l 0 3 O C 3 & r F . ~ ~ - c L  c3 gg°,88NG.,,QPpcl~(,~~OPP40 $~g~$~~.~g&8~ r. 
ma8ooocno~-.a~ ~ ~ W ~ ~ C L W W ~ ~  

C O L G C  . . * * .  
r 3 L 7 W C L X  ,+ (... c.- .;. A 
dr C: P O L  

O Q O O Q O Q O O O C O Q O O O O C O O O C O O O O O O ~ C  C C O O O  C O C C G  
* * . . . . * * . * * * * * . * * . . . . a  * m * * . . * .  ..... . . . . .  
0 Q Q O @ Q O O O @ @ B @ Q W O Q W O U 3 W @ ( O U . r D c D ( O O C g t D  U O C U C I  QC" , t * \ -C  

P W P C L & P C * W  W W U P  *axCE tPbVf i tb  CA 6 *'. C4 t: 
$ ~ ~ ~ ~ ~ ~ $ ~ ~ ~ ~ ~ ~ P P P N U O ~ ~ ~ ~ , ( O ~ O W ~ O C ~ I V  W W t 2 O L q  La tS P I& C. 

O)PGL313 e m u  
W 4 0 : Q C n  
c n ~ 3 W W C l  

mOaQaQbrh01O,Q,Q,O,m(BQ:Q,Q,CC.CIC.C.C1 C : C : C . C C -  
a ~ 4 j ~ ~ j ~ ~ ~ ~ - . a ~ . ~ r ~ 1 ~ , c r : c o , n C r c . s . c . ~  wwe-c-+ 

~ ~ ~ O O ~ O ~ ~ ~ O O ~ ~ @ ~ @ 8 ~ b ~ ~ O ~ O O ~ ~ ~ ~  0 b 0 . 0  

0 0 9 0 9 0 0 ~ ~ ~ 0 0 0 0 8 0 0 ~ 0 Q 0 0 0 0 0 0 0 0 0 V ,  90800 





ft. C. : ' . c i a  

Loel; 
Load 
ft. 



0 L 3 s  t 
:;end 
ft. 





)I 

ft. 

2.375 
:, @ :: '32 
2.533 
Z.055 
3,435 
3 .'3412 
4 . 452 
14.333 
b.Ci5 
5 JL,~) 
7.273 
7.960 
0.732 
0. !,08 

DAr?' 

1.795 
2.630 
2,750 
3,232 
3.610 
2.247 
3,995 
5.100 
5.525 
v.050 
6,622 
7,25a 
7.002 
iJ.3ti9 
3cG,iz 
9.415 
(3.310 
10.452 
10.310 
lC).(JGfS 
I l . f j U f 3  
1.390 
1.240 
1.020 
3. \05 
0. G4Q 
0.492 
3.333 
0.213 
0.229 

Loat 
1-end 
ft. 

(.I. 638 
3,313 
3.3U5 
0.U12 
0.933 
2.063 
l.EJ.0 
1.422 
1.403 

2 .010 
2.177 
0.268 
9.143 

1,232 
1.740 
1.783 
2,143 
2,328 
1.492 
2,627 
3,343 
3,ii42 
3.345 
4.305 
4.75:: 
5.113 
5,4913 
5 962 
6.2: O 
6.505 
r; .usr/ 
7.212 
7.173 
7. GO 
0.905 

0. uGC, 
U. dl5 
ct.413 
0.317 
(3, z::3 
0.150 
0.1s 
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:., * :I*) 
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) .5Otj  . ., (- 
+ ' . . i ,  J 
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.. . 9'1 L 
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t : 



h 

ft. 

1 . I ~ s l C  
J .;a17 . '1 I - l C >  

L. 

J .7/3;3 
.I .:;lo 
.) .:2.)5 
J . ;5 ,a; 

\J .237 
1.14'7 
1 .::9;5 
1 ..;ju 
1 . .5 .: 
1 .;'SJ 
:. J!Jb .. ,""I 
, r  0 uu . . 
L.33; ;  
d.117 
.; . .A2 
.j . 34;5 
;i. 903 
4; *;2.33 
11 . :>7;: 
.. . nu3 

,il 15 .,- :,. ' r . - 3  

.,.*:i37 
v 0 5 5  
u . 2 G (3 
7.373 

(. 

C . . ' . " .  

a.1 . J9'? 
.J. 122 
.I 345'1 
J, J J : ~  
J.::lL,) . ,31 
ti. 4'73 
1 .l.JL) 
1 .19;; 
1 ..2 57 
1.275 
. ::J5 
l d i  ~7 
1.530 
1. 
l. . 017' 
I, J.74 
:..'J;tJ 
2 . 112 
2.210 
:: .320 
::.390 
", ,170 
2 . 419 !j 
:: ,620 
:: .<90 
r t  r #>r 
8.. /&a 
2.795 
2.290 

l ,( ,)at Ten!, . 
cncl I , n  t o r  
rt. 0.". 

A' 

ti .5 , b 
ut; .O 
41, ,O 
,,!> 5 



LO& -T~mepe 
Efcaad 9lntgr - >  

DATA F6R 9 - 
0.40'7 0.506 0.967' Q e Q Q  
0,062 0.387 0.w 
0.7a O.US5 0.064 0.918 
0.890 0.460 0.065 0eQW 

0.m1 0.96s Q*Q* 
le6$$) 0.627 0.970 0.wbfk a 

1.8443 0.663 0.970 -0.991 
2.J38 0.753 0.988 .O*QW 
2*rj,j3 00.769 0.oer . o.o= . 
2.838 0.787 O e W H  0,- 
J.Ol2 0.m. 0.0M o*-, 
3.241 0.m 0,- 0.w 
0.S10 0.8- 0*m, 0.- 



Appendix B 

Graphs of ):asultm 
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VELOCITY COEFFICIENT 

LQST HEAD 

12"~8" CAST IRON 
STEVENS S W W E D  KNTURI METER 

NO T H m P  SCVION 
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VELOCITY COEFFICIENT 
AND 

LOST FOR HEAD 
- - . -  

I 2" x 8" STf EL 
SEVENS 3IMPLWE.D WWW1 ET%W 

MO THROAT !ECTION 
RUN 2 

W. &ELDER 2 /I4 /4a 





WSCHARGE Q, CU8lC FEET PER SECOND 
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DIFFEREMIVIAL HEAQ 

12"x 8" STEEL 
. . .  . .  

. . . 4  - , . a  

slEvms-VlPCrClCZlYm 

, . , , . .  $ THROAT ~~ 
RUNS 4-A TO 4-E Me 

' - ' "":.- 



DISCHARGE Q ,  CUBK; FEET PER SECOND 
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OFFERENVIAL HEAD 

12"x 8'' STEEL 
$"mms S I M ~ 9 / E N ~ l  Ern 

3' THROAT 5ECT'lON 
RUNS 5-A TO 59 1))(; 



1.0( 

o 

0.~ 

2 

. 2  
I 

i 
0 

. . . . .  . . . . . . .  L . L  L I i • , . , ~ . , . 

o NO V~d.VE 

• V/~.VE OPEN 
® V,~.VE ~ OPEN 

VALVE !~ OPEN 
• VALVE I~.OPEN 

• j ~ , 

= u  = . . e l  I 

~ I 

' l - i  ~ I !  

I t 

i L '* 
| 

I 

T . . . .  * "  

2 

-- . . . . 

-- 0 • . 

L ' . 

. . .  o 
T . . . . .  

k - • • o I • ,  ~ . . . . . . .  i . - • 

° • 

i " . . . . . .  

" • r * - 

4 

O~'~3HARGE Q, ~ FEET PER SECONO 
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